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THE  EFFECTS  OF  HEARING  LOSS  ON  3E3ECH  COMMUNICATION 
AND  THE  PERCEPTION  OF  OTHER  SOUNDS 


I.  INTRODUCTION 

Speech  communication  is  one  of  the  most  important  activities  engaged  in 
by  mankind.  It  is  necessary  to  the  proper  function  of  most  jobs,  as  well  as 
tc  the  satisfactory  conduct  of  social  and  personal  relations.  Loss  of  hearing 
degrades  speech  communication  in  these  vital  functions.  The  extent  zo  which 
R^arina  impairment  may  degrade  performince  in  military  occupations  is  the 
subject  of  this  literature  review  and  analysis. 

Noise  and  filtering,  which  are  common  in  everyday  communication 
situations,  have  the  effect  of  reducing  the  natural  redundancy  in  speech. 
When  the  listener  is  hearing-impaired,  redundancy  is  further  reduced,  to  the 
point  where  the  listener  mu't  strain  to  understand  the  messages  communicated. 
Depending  on  the  degree  of  nearing  loss  and  the  degradation  of  the  speech 
signal,  messages  may  be  correctly  perceived,  partly  or  completely 
misunderstood,  or  missed  entirely.  The  consequences  of  communication  failures 
will  range  from  minor  annoyances  to  disasters. 

The  causes  of  hearing  impairment  among  soldiers  run  the  same  gamut  as 
they  do  in  the  civilian  population.  They  can  include  impacted  earwax,  middle 
ear  infections,  and  inner  ear  disorders  caused  by  viruses,  heredity,  or 
ototoxic  drugs.  Probably  the  most  common  hearing  impairment  is  noise-induced 
hearing  loss,  which  may  result  from  recreational  as  well  as  military  and  other 
occupational  causes.  These  losses  may  be  temporary,  permanent,  or 
combinations  of  the  two.  High-frequency  hearing  (in  the  3000  to  6000  Hz 
range)  is  earliest  and  most  severely  affected  by  most  noise  exposures. 
Because  consonant  sounds  tend  to  be  high  in  frequency  and  low  in  sound  energy, 
and  because  they  contribute  most  of  the  intelligibility  to  speech,  noise- 
induced  hearing  loss  acts  as  a  very  effective  filter  to  remove  the 
intelligibility  from  speech.  When  added  to  the  inherent  distortion,  which  is 
present  to  some  extent  in  most  impaired  auditory  systems,  even  mild  hearing 
impairments  can  place  the  listener  at  a  disadvantage  in  certain  situations. 

For  these  reasons,  all  three  branches  of  the  military  have  developed 
performance  criteria  for  hearing  sensitivity.  As  we  shall  see,  however,  these 
criteria  differ  among  services  and  among  jobs  within  services  (which  is 
reasonable),  they  are  not  always  enforced,  and  they  do  not  appear  to  be  based 
on  objective  data  or  principles. 


II.  EFFECTS  OF  HEARING  LOSS  ON  SPEECH  RECOGNITION 

A.  Filtering  Versus  Distortion 

Certainly  one  of  the  most  plausible  explanat  ions  for  the  difficulties 
encountered  by  individuals  with  no ise- induced  hearing  loss  is  that  the  hearing 
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loss  acts  as  a  low-pass  f  i  '  ter  .  This  is  even  born  cut  in  t  ho  ip-.-r  -  :f  some 
people  who  have  experienced  their  hearing  losses  over  a  peri -d  a :  /  :s,  in 
that  they  tend  to  drop  consonants  from  the  ends  of  words.  Bene.  ;  t.-f  this 
filter  effect,  researchers  such  as  Kiyter  ( 1 9  7  C )  ,  Bra  Ida  e.i.  ..oL.  (Dili,  and 
Skinner  and  Miller  (198?)  have  proposed  corrections  for  hearing  impediment  to 
the  Articulation  Index  (AX) . 

Levitu  (1982)  has  summarized  the  filter  effect  succinctly.  For  the 
mildly  hearing-impaired  individual,  most  of  the  weaker  consonants,  such  as 
sibilants  and  voiceless  stops,  will  be  barely  audible  or  inaudible.  Thi3 
effect  will  be  greater  when  these  phonemes  occur  in  the  final  position  or  in 
blends,  where  their  intensity  will  be  lower.  The  more  severely  hearing- 
impaired  person  will  miss  the  identifying  cues  for  all  voiceless  sounds  and 
also  many  of  the  weaker  voiced  consonants,  such  as  voiced  stops  in  the  final 
position . 

Although  there  i3  still  some  controversy  over  the  issue  of  filter  versus 
distortion,  there  is  a  mounting  body  of  evidence  indicating  that  filtering  is 
not  the  only  problem  for  hearing-impaired  listeners.  Pion-.p  (1978)  divides 
hearing  losses  into  Class  A,  attenuation,  and  Class  ",  which  is  added 
distortion.  Class  D  listeners  are  those  who  say,  ” I  can  hear  you  talking,  but 
I  can’t  understand  what  you  are  saying."  Class  A  individuals  have  difficulty 
at  low  speech  and  noise  levels,  but  their  hearing  approaches  *  bar  of  normal 
listeners  at  high  speech  levels,  even  when  the  speech  is  acco.'fip ir. ied  by  high 
levels  of  noise.  Class  C  people  have  minor  difficulties  in  low  noise  levels 
but  substantial  problems  in  high  levels  of  noise  and  speech.  This  difficulty 
is  manifest  in  the  speech  recognition  function  that  plateaus  or  "roils  over" 
at  levels  considerably  lower  than  100%  with  increasingly  higher  listening 
levels.  Plomp  believes  that  most  actual  hearing  losses  are  combinations  of 
Class  A  and  Class  D,  and  as  a  rule  of  thumb  he  estimates  that  for  every  3  dB 
increase  in  the  speech  reception  threshold  (SP.T)  for  sentences,  the  distortion 
or  "D"  component  increases  by  1  dB .  (One  car.  assume  that  purely  conductive 
losses  would  be  categorized  as  Class  A  only.) 

This  controversy  r.  ■.  been  the  subject  of  several  investigations  over 
recent  years.  The  ear  Li-?  studies  found  few  differences  Detween  the  abilities 
of  subjects  with  actual  h.  ring  losses  and  those  who  listened  through  low-pass 
filters  (Sher  and  Owens,  ■  7  4 ;  Bilger  and  Wang,  1976;  Wang  e_t  .iiij  ,  1978)  .  An 
exception  is  an  experiment  .  .  Chung  and  Mack  (1979),  which  intr-  h.  >■!  lew-pass 
filtering  with  a  cut-off  a  2000  Hz  in  an  attempt  to  make  the  test  -  tuitions 
physically  comparable  for  normal-hearing  subjects  and  th  -e  w  i  *■  :  high- 
frequency  hearing  losses.  r.ach  subject  was  tested  at  3  spee't  ivv-'d  s  (»'.  r. ,  78, 
and  85  dB)  with  3  different  speech -t  o-noise  ratios  <  •  '  ,  *12,  an  t  -'19  dB)  . 
Although  the  effect  was  "not  as  overwhelming"  as  in  some  ether  invest i gat  tons, 
the  hearing-impaired  listeners  performed  significantly  mere  p  :  r  •/  ’  ’■■■:■  tnetr 
normal-hearing  counterparts,  especially  at  h :  3  her  c-  loss 
favorable  speech-to-md:;e  ratios. 

Walden  et  a  I  .  (1981)  used  an  innovative  ante  :  •  .  h-  :  .Iter 
versus  distortion  i  -r  19  subjects  with  uno.jt-  :  1.  near  :  r  :  ".r.u  i  :  r  or.~  s  . 
Using  these  subjects  as  t :  •-* i  r  own  controls,  the  invest,  igat-v:  •=*  ■  mparej  the 
consonant  recognition  abi  1  i-  of  the  impaired  ear  to  r  hat  r  *  he  "  •  ;  m  a  1  ear, 
listening  through  a  filter  aped  to  the  con  f  I  go -1 !  n  !  the  repaired  ear. 
Bather  than  using  the  audit-metric  configuration  at  t  h  resim ;  d,  w-i  i  -i* .  r:  and  his 
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P resu mar  ly  because  of  the  distortion  r 
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listeners.  According  to  Plomp  (1978),  ar.  „r:.i i 
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Treater  ■?:  r-i  -m  a  =  <  :  ng  ‘bar.  no  rma  1  -hea  r  i  r.g  -or.*- 
in  ar.d  -ib  •  .  Or:  is  occurred  despite  . .  •  •  a  • 

*)■;»=»  f .  r f?  ■  t ■  * ■  * y t  v  £  *  J'.o  rr.'i^k f.r  r 


Gagne  (19 95)  assessed  upward  spread  : 
ir:  i : vidua  1  3  by  .r  i  o'  '  i  ng  the  level  of  masked  three: 

:  e  v  ■  c  :  00  .  .  v  to*  :  1 1  t  h  r  f :  -  - :  1  o  .  ol  3  1 1  a  •  .■ 

thresho.oi  lev--!  In  quiet.  He  def  ined 
between  ar*  ua  1  ar.-i  ua  it  :  laf.ed  thresholds,  the 
■  f  ex  pet- ted  vai  1  normal  1  i  meters  pi.,  >  •  0 

‘or.reshn.d  '.eve's  •;  n  quie  .  The  results  she  we  '■  : 

masking,  whi  h  va  r  led  a  r  ding  to  degree  1 
ccnf igurat ion  .  Tc  assess  the  validity  of  h \ s  r- 
"■ask  :  ng,  Gaar.e  tested  normal  listeners  w  i  *  h  •  .  r 


e 


v  un  deist  fir. .i  -  .7 


their  audiomet  r  !  e;  r  .  gu  x  ^ •  :  sun  :•>  ;ca  y  be  jdent  i  ■  .t  1  .  i,  i  /<  <  » 

hearing  aid  output  1  >»  rail  i  ;r  me  corn:  i  gu  rat  ion  •  r  a,:  i«i 

pr  ■  duces  unsar.  is  fact  .>r  y  resii  its.  Many,  if  n.t  ru  .-n  , 
sensorineural  hearing  impairments  are  affected  by  s  r.  *  - 

dysfunction  tnat  renders  them  somewhat  less  sole  t  :  use  ‘  . 


reiaf  i unships"  and  that  xpee  -h  r  oco  :jn  i  t  ion  is  u  -v.  i  i  : 

■  t  i  i  e  r  v  (i  ;  i  H:  1 1* ,  whereas  this  '  ’  r  r  e  i  a  t.  i  u  r  \  c  >j  u  1  d  r 
-  .  r  x  <=•  lat  ion  with  a  third,  unspecified  variable  (p  . 
mu  i  t  ivar  iate  studies  showing  that,  once  the  dec 
extracted,  the  correlation  with  other  psychoaccust ic 
rot  e  i  imi  r.a  c  ed  .  He  emphasizes  that  the  addition  o 
the  effects  of  auditory  distort  ion,  beyond  what 
proportion  of  the  speech  spectrum  available  to  t.  he  . 


1.  Frequency  distort  ion 

In  a  review  entitled  "The  Input  for  a  Daroag< 
describes  impairment  to  frequency  coding  as  a  :  . 
tuning  curves,  a  breakdown  of  the  critical  :  - 

one  frequency  by  another.  Distant  sounds  :  •  . 

(spread  of  masking)  with  the  result  that  r.a  ;kg : 
effectively,  and  speech  sounds  mask  each  other . 
harmonic  distort  i  or:  as  a  fact  or  i  n  the  :  r:  r;a  .  rmerd 


r. ■ 1  rr  t  t  a  r 


i  n  c  teas  e  3  rap  i  d  1  y  wi  r.  h  in-'  r:  e  a  3  i  n  q  i. ;  i f .  <  *  r.  s  i  y 
Imp  a  i  re  d  3  o  c  h  1  e  a  5  t  e  n  d  t  • p  r  o  d  \ ;  :  e  n  a  r  :r« . : .  i  3  3  a 
therefore,  these  d  i  3  r  up?,  i  ve  harrr  -r-ioo  are  a  rv 


Ti  a  l  nr.  1 . 1  e  o  a 


Recent  experiment  x  ha  ve  p  inter  it  ■  :  >. 
psychophys  i  ca  1  tuning  curves  .  Salvi  &*,  )  * 

curve  as  a  set  of  f  requency- i  r.tens  it  y  combi  nat 
nerve's  firing  rate  bo  exceed  by  a  fixe  i 


durut  I  ■  h»-;e  oust  be  a  lO-dB  increase  in  stimulus  ieve.  f  c  r  a  1 

e  ;ua:'.y  it*t  able  .  "he  eat  with  a  cochlear  impairment  '  •=*.;  _!  a-  -  r. 

i  only  '  *  ■  -i  is1  .  :  he  impaired  ear  integrates  sounds  over  a  sb  ■  ■  •  ;  ■ 

t  •  omrc  :  a  1  sc::j.a?  •*.>:.)  ,  shews  greater  effects  from  masker  s  that,  piece  e  -i 
-S  t  are  tr  .td.s  ,  an*  maskers  t  h  1 t.  inflow  signal  ■  ( i  e » .  r  w-.*  f  ■ 

•it.  :  ’  K.n  •  >  ‘  - •  s  1  *  .  :  i  i  ;  ips  as  short  as  1  hone  t.c  ",  •  i  :  y  •  I  r 

1  ;r  vi  hens.  ,  .It'. 

.’ w  :  on.--:  ana  (196.  )  developed  a  simp!  i  t  ivd  mo-king  • 

•••s'  iv.-;:  :  i  lesniu’  i  ::  in  clinical  patients.  On  test,  i  ng  sal  :•  ■ 

n  real  Los:  :  an  t  •■eve:  ai  types  or  hearing  impairment,  *  :  t-v  !  nr.  .i  •  •  • 

•r.  ‘  he  .»  1  ::s‘o:s‘:s,  but  degraded  temporal  resoiut  n  -il  •  1  :  • 

hear  i  ng-  impa  i  red,  with  more  unfavorable  speech- to-noise  ratios  j  , . 

greater  reductions  in  temporal  resolution.  They  repeated  the  tests  wit;, 
r.  1 1  ma  i  subjects,  this  time  applying  masking  to  simulate  hearing  impa  i  i  i.ien<  , 
and  found  a  response  pattern  that  differed  considerably  from  that  t  the 
hearing-impaired  subject  s .  Once  again  it  appears  that  attenuation  alone  i  -o; 
not  explain  difficulties  in  temporal  processing. 

ly.-:  -I  ill*  *  19  81!',  tested  several  measures  of  t.  er  i  •  til  pr 

we  1  '0-.  t  :•■>;.  so  y  :  ;  1  u :  >  •.>;,  tasks  on  normal  ar.d  he  a  r  i  rut  -  i  a  pa  i  ■ 

V  o  :;•.•  i  :  :-iv.r  »  •'  :•■■■:'  -  :A  ;  showed  poorer  resu.it  a  than  '  ■'.•'  : 

:.  a  1  .  •  so-.  -,  :••:,•>!  ih-rts  of  whether  the  two  groups  were  bompn  , 

...  i  :  •  •  o  •  s  1  -  ve  .  s  r  sensation  levels.  Two  <>f  the  t  empc  r  »  1  t  .  •• 

■■:'••'•  ■ ,  in.  -re  rtf  i  temporal  di  t  ference  limen  (  just  noticeable  •  1  r  t  i  ■ 

■  tin  :  i.t  i  at  ion)  and  huger  gap  detection  thresholds  (minimum  det  t  aide  to 
fir  «r.  x  no)  :.,t  lelatel  significantly  with  impaired  speech  recognit  i-a.  at  ■  t  1  it  y  . 
These  «t  lent.  3  persisted  even  after  adjustments  had  been  made  for  mss  . : 
attenuation.  The  authors  conclude  that  these  temporal  processing  di  sat  i  1  ;t  .*..■■ 
"may  represent,  the  important  underlying  processes  that  contribute  to  the  p  : 
speech  perception  in  the  hearing  impaired"  (p.  750)  . 

D.  Binaural  Processing  and  Localization 

Hearing-impaired  individuals  benefit  from  t  effects  of  binaur  a  i 
hearing,  hut  probably  not  as  greatly  as  persons  wife,  normal  hearing  (Nabeiek 
and  Robinette,  1978) .  This  is  especially  true  in  n-.Luy  conditions,  where  they 
d  tint,  benefit,  as  much  from  the  binaural  "releu  •■  from  masking"  as  in  f  1  *  :: 
r.  -  rma  I  -hear  in  g  counterparts. 

No-  elek  and  Mason  (1981)  tested  the  effect  of  noise  and  reverb;! at  i  n 
m.-naura 1  and  binaural  word  recognition  by  subjects  with  various  t  ypes 
amount  s  of  y  .-a  ring  loss.  They  found  a  binaural  advantage  of  5.9*  i;.  : 

onvi  re  r.rr.erd  .:.  ■  r^verferat.  i  on  time  of  0.1  second  arid  '•'.?■  in  te  •.••••  i  , 

of  0.5  ».• 

With  r  .  ..-  r<  sound  1  oca  1  i  za  t.  i  on ,  Stephens  (i  976)  cites  Flore-  t  j  n«-  i 

dcharf  (  ’  97 \  *s  showing  that  hearing-impaired  sui  jects  exhibit  niy  n  ;;r,  : 
ahnorma  1  i  :  ies  in  perceiving  sound  lateralization  ar.d  direct  tonality.  H  -wv.- 
he  references  Rot  tier,  and  Butler  (1968)  and  But  l- >  (  1  970)  as  sn-.wing  <  r  o 
ject  s  wit  h  ii  igh-'  requency  hearing  losses  a  r  •  unable  to  ider.r  iiy  •  ):.■ 
direction  of  sound  in  the  vertical  plane  (Stephen..,  1976)  . 


9 


HEARING  HANDICAP 


Most  profession.*  !  «  •>!.;  .oik  with  hearing- imps  ired  i  ndi  v;  ,ijo  I  3  would 
agree  that  small  amounts  of  hearing  loss  cause  no  handle  p,  and  are  of?  en  not 
ever,  noticeable  to  the  affected  individual.  The  question  is,  then,  how  much 
hearing  impairment  can  a  person  acnuire  before  he  or  she  can  no  longer 
function  adequately  in  social  or  occupational  settings? 


Dsi’  ir.  1 1  li 


Three  terms,  impairment,  handicap,  and  disability  are  often  used 
i  r."  or  changeably,  but  they  mean  quite  different  concepts.  To  confuse  the  issue 
further,  they  are  ie fined  differently  by  different  authorities. 

In  19  65  'he  American  Academy  of  Ophthalmology  and  Otolaryngology  (AAOO) 
••  .t  ie  t  ho  i  •'!  lowing  distinctions  (Davis,  1965)  : 

Impairment:  a  deviation  or  change  for  the  worse  in  either  structure  or 

function,  usually  outside  the  range  of  normal. 

Handicap:  the  disadvantage  imposed  by  an  impairment  sufficient  to 

affect  one's  personal  efficiency  in  the  activities  of  daily  living. 

Disability:  the  actual  or  presumed  inability  to  remain  employed  at  full 

wages . 

The  British  Association  of  Otolaryngologists  and  the  British  Society  of 
Audiology  (BAOL/'BSA,  1983)  define  impairment  similarly,  but  have  reversed  the 
AAOO ' 5  definitions  of  handicap  and  disability.  Accordingly: 

Disability:  any  la'k  or  restriction  (resulting  from  an  impairment)  f 

ability  to  perceive  everyday  sounds,  either  in  quiet  c>r  a  noisy 
background.  It  is  usually  given  in  a  scale  of  percentages  for 
compensat  ion  putpo 

Handicap:  the  disa  i  vantage  for  a  given  individual  res.ul’  ir:g  tr  m 

impa i rment  or  disability  that  restricts  activities  that  would  bo 
expected  f'-r  that,  in  ' ':  •  idual. 

The  A’or  id  Health  Oig«u  i  7.  at.  Lon  defines  disabi 
•  rk  (  :  e  u  1 :  rug  f  r  <  rn  an  imp  a  i  rment )  of  ability  ?  r 
-i:. :  wi  •  bin  t.  he  range  considered  normal  f  m 
t.  198'i.) 


;  *  y  oi  :>  ”  - 1  ? ;  y  ;  • 

p“  1  f  O  r  r  o  ' 

a  ham a ri  :  ■  iy  . 


The  .  3  .  Department.  of  Labor's  Ocoupat  i  •  ■  r:  ci  ;.  y  an  i  Health 

."inis'  ration  (OSHA,  1981)  adds  the  concept  .{  "materia’.  ;  ::.r-a  :  ;  : 

i  r.q "  ,  which  is  s  nmewhe  re  between  the  AAOO  •  s  concept  <  1  irr;  >  .  r  m*  •  r.  •  and 
t  a  r.  ■  i  i  cap  .  It  is  the  protection  goal  for  the  set  t  ir;g  1  s'  irriar  !•:  •  pi  ever:* 

-spa'  i  or.a  1  hearing  impairment.  OSHA  det  i  r:er:.  i  *  as  'tv  p  ire  u  "  i  e;; 

:  -yor.d  wh  i  ch  art  ind  r vidua  :  cannot  1  unct  ion  as  wt*  1  1  as  a  n  r  ma  I  -hea  r  i  r.q  per  s  . 

The  AAOO  ’  s  use  of  "handicap"  and  its  a  t  t  o  nd -i :  .*  rte.u.  ;  :iq  is  :  ■  ■  i  s  :  ar  y 
we  ;  ;  Sliders'  ■  d  in  the  1 1  .  : :  .  ,  despite  t.  he  1  a  ••  ?.  ‘  ha '  r  r  " at  ••  w  • 


1  0 


compensation  laws  use  the  word  "impairment"  with  the  AAGO  ’  a  :  . :  :  -i 

handicap.  Although  the  British  definition  is  probably  more  accurate,  r,--  ■ 
the  AAGO '  s  use  of  the  word  "handicap"  is  more  familiar  in  the  U.5.,  we  . 
use  it  for  purposes  of  this  report.  We  do  not,  however,  support  the  AA_;  '  ■> 
audiometr  c  definition  of  handicap:  an  average  hearing  thresh.1,  i  ;  e  -.>■■  .  j 

500,  1000,  and  2000  Hz  that  exceeds  25  dB .  The  reasons  for  t:  i0  -  .  .  :  ■ 

apparent  in  the  subsequent  discussions. 

B.  Audiometric  Thresholds  Defining  Hearing  Handicap 

The  point  of  beginning  handicap  has  been  the  subject  :>t  ■  . 

and  investigation  over  recent  decades.  Early  experiment s  f  c  . 
relationship  between  speech  recognition  and  used  the  term  "hea  r  ir:g  ioss  :  - 

speech"  since  the  distinctions  between  impairment,  handicap,  and  disability 
had  not  yet  been  made.  The  first  well  known  method  for  assessing  hearing  loss 
for  speech  was  developed  by  Fletcher  (1929)  .  Fletcher's  time-honored  "Point- 
Eight  Rule"  divided  the  entire  audible  range  from  0  to  i20  aB  i  As  A )  for  cne 
averaged  frequencies,  500,  1000,  and  2000  Hz  into  percentage  of  loss  with  a 

slope  of  0.8%  per  decibel.  For  many  years,  physicians  used  Fletcher ' s 
to  calculate  compensation  for  hearing  loss,  even  though  it  was  r,.o  mo.,:.- 
that  purpose .  Later,  the  AMA  adopted  the  Fowler-Sabine  method  r 
t.his  method,  average  hearing  threshold  level  was  calculate  5  f 
audiometric  frequencies  500,  1000,  2000,  and  4000  Hz,  which  wer<>  vet.  •  ... 

weightings  15%,  30%,  40%,  and  15%,  respectively.  The  "low  fence"  t  he  :  .c 
of  beginning  handicap  was  identified  as  an  average  hearing  thresher  ;  lev-.  .  : 

10  dB  (ASA,  or  20  dB  ANSI)  (AMA,  1947). 

According  to  Davis  (197  3),  the  new  formula  was  too  complex,  and 
otologists  refused  to  use  it.  Accordingly,  the  AAOO  (1959)  developed  a  simple 
method,  which  many  state  statutes  still  employ  today.  The  new  method  used  the 
simple  average  at  500,  1000,  and  2000  Hz  with  a  low  fence  at  15  dB  (ASA,  or  25 
dB  ANSI),  a  high  fence  (or  point  of  total  handicap)  at  62  dB,  and  a  growth  of 
handicap  of  1-1/2%  for  each  decibel  between  these  points.  The  AAOO  believe; 
that  hearing  impairment  should  be  evaluated  in  terms  of  the  ability  to  hear 
"everyday  speech",  and  that  the  ability  to  hear  sentences  and  repeat  them 
correctly  in  a  quiet  environment  was  satisfactory  evidence  of  good  hearing  for 
everyday  speech  (AAOO,  1959)  .  The  AAOO  determined  that  the  average  hear  ing 
level  of  16  dB  (ASA,  or  26  dB  ANSI)  at  500,  1000,  and  2000  Hz  was  the  point  at 
which  individuals  begin  to  have  difficulty  hearing  sentences  in  quiet  and  seek 
medical  help  for  their  hearing  problems.  This  c-terminat  ion  was  based 
clinical  evidence  (Davis,  1973)  . 

Over  the  following  two  decades,  many  studies  were  conducted  to  discover 
the  audiometric  frequencies  that  best  predicted  hearing  handicap,  an: 
average  hearing  threshold  level  at.  the  selected  t  requeue  i  es  t.  .-.at  :  ;  ■  ■  :  • 

point  of  beginning  handicap.  Many,  although  not  all  of  the  -.-a  r :  i  e ;  •  , 

which  were  conducted  in  quiet  backgrounds,  pointed  toward  the  importance  : 
mid-frequency  hearing  for  understanding  speech  (for  example,  Harris 
1956;  Quiggle  et  al . .  1957;  and  Quist-Hanssen  and  Steen,  1960) .  Most  la’ or 

investigations  used  various  types  and  amounts  of  noise  backgrounds,  presumably 
because  noise  is  characteristic  of  many  everyday  listening  conditions.  Most 
studios  of  word  recognition  in  noisy  backgrounds  have  shown  the  importance  >f 
good  hearing  above  1000  Hz.  The  same  is  tri-  with  speech  distorted  by 
speeding  (Harris  et  al..  1960)  and  reverberation  (Robinson,  1  984)  .  Table 
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j  i  it  s  many  prominent  speech  recognition/audiometric  frequency  studies 
•or.  ducted  over  the  past  30  years,  showing  the  audi  crnet  r  i  c  frequencies 
identified  as  being  most  important  for  understanding  speech  under  various 
conditions  of  noise  and  distortion. 

Because  of  the  importance  of  high-frequency  hearing  for  understanding 
speech  in  less  than  optimal  conditions,  the  American  Academy  of  Ophthalmology 
{ AAO )  decided  to  include  3000  Hz  in  the  definition  of  beginning  hearing 
handicap.  The  lew  fence  remained  at  25  dB  (AAO,  1  979)  .  Many  states  have 
"hanged  their  worker  compensation  statutes  accordingly  in  the  intervening 

Other  formulas  of  interest  would  include  the  one  recommended  by  the 
National  Institute  for  Occupational  Safety  and  Health  (NIOSH,  1972)  and  later 
adopted  by  OSHA  {1981)  for  purposes  of  preventive  regulation.  It  identifies 
material  impairment  of  hearing  as  an  average  hearing  level  of  25  dB  or  greater 
at  1 0 C 0 ,  2000,  and  3000  Hz.  The  rationale  for  the  inclusion  of  3000  Hz  and 

the  exclusion  of  500  Hz  is  based  on  many  of  the  studies  listed  in  Table  1. 

The  British  Association  of  Otolaryngologists  and  the  British  Society  rf 
Audiologists  have  recommended  a  low  fence  of  20  dB  for  the  averaged 
frequencies  1000,  2000,  and  4000  Hz,  based  on  studies  conducted  in  the  UK, 

USA,  and  the  Netherlands  (BAOL/BSA,  1983). 

The  exact  level  of  the  low  fence  (or  point  of  beginning  handicap)  ha.'-; 
been  the  subject  cf  much,  and  sometimes  heated,  debate.  If  the  fence  is  set 
too  high,  a  series  of  adverse  social  consequences  will  result.  Individuals 
with  handicapping  hearing  loss  will  be  ineligible  for  compensation.  Workers 
in  noisy  environments  will  be  denied  regulatory  protection.  Soldiers  and 
aviators  will  be  assigned  to  jobs  in  which  they  are  unable  to  communicate 
adequately.  If  the  fence  is  set  too  low,  the  opposite  set  of  consequences 
will  prevail.  Individuals  will  be  compensated  although  their  losses  result 
either  entirely  cr  in  part  from  presbycusis.  Regulations  will  be 
unnecessarily  string-  t  and  expensive.  Soldiers  and  aviators  will  be 
disqualified  from  jobs  in  which  they  could  have  performer!  sat isf actor : 1 y . 

Recent  investigate  ns  of  the  low-fence  issue  have  attempted  to  pinpoint 
the  hearing  threshold  level  at  which  persons  with  mild  losses  ate  no  linger 
capable  of  understanding  speech  the  way  normal  listeners  do.  On  "tie  basis  of 
nor  data  and  those  of  A  tor:  (  1  970),  Suter  estimated  the  pm-  in*.  r  f  b  ooi  r.r. :  r.g 
-ir’dicap  occurs  at  an  average  hearing  threshold  Oi  19  dB  at.  1700,  2700,  arr! 
'700  Hz  (Sutet,  1878)  .  This  point  translates  to  ar.pr  x  ina"  •- 1  y  '<  dB  a*  r  n , 

'.'.O',  and  2000  Hz,  and  22  dB  at  1  000,  2000,  and  4 0 0  Hz,  t  ~ -v :  e  s 

individuals  with  mild  sensorineural  impairments  have  aud  i  -rr*-t  r  :  -  :  r  !  i  .<<■■■ 

s.  re  to  wa  rd  the  high  frequencies.  She  observes,  however,  ‘hi*  *  he  -•  i  •  r. 

f  a  fence  depends  upon  the  definition  of  hearing  brand  i  cap  an  i  '  ).••  •  r.  d  :  •  r’ - 

under  which  handicap  is  assessed.  As  the  data  in  Table  ;  s  ••  d :  -  :•  o  1 
hearing  i  ri  the  high  frequencies  becomes  increasingly  imp  or*  an*  at  :  r  •••*  on  :  r  q 
conditions  become  increas  ingly  degraded. 


‘By  1  079,  the  AAOO  had  sp.it  into  two  groups,  the  opht  :.a  I  r*  •  ;y  u  r 

:.*•  hand,  arc!  the  ot  o  iaryr.gology/head  and  neck  surgery  g:  up  ■.  • 
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Studies  Showing  the  Relationship  of  Audiometric  Frequency  to  Word 
Recognition  Ability  in  Hearing  Impaired  Individuals 
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Smoorenburg  (1982  and  1986)  has  also  studied  the  question  of  the  low 
fence.  He  defines  the  "onset  of  handicap"  as  the  amount  of  hearing  loss  where 
an  individual  first  begins  to  notice  a  handicap  in  everyday  (meaning  somewhat 
noisy)  situations  (Smoorenburg,  1986) .  Because  hearing  sensitivity  at  2000 
and  4000  Hz  correlates  so  well  with  speech  recognition  in  noise,  Smoorenburg 
(1  986)  defines  the  "target  SRT"  as  that  point  where  SRT  begins  to  turn 
significantly  upward  as  a  function  of  average  hearing  level  at  2000  and  4000 
Hz.  On  the  basis  of  data  from  400  ears,  he  identifies  this  point  as  a  mean 
SRT  of  -4.6  dB,  which  corresponds  to  an  average  hearing  level  of  10  dB  at  2000 
and  4C00  Hz  (a  level  that  would  be  considered  well  within  the  range  of  normal 
hearing)  .  Smoorenburg  then  identifies  the  level  at  which  the  SRT  increases 
significantly  at  the  0.05  level  of  confidence,  which  is  an  SRT  of  -2.8  dB, 
corresponding  to  an  average  hearing  threshold  level  of  24  dB  at  2000  and  4000 
Hz,  or  15  dB  at  1000,  2000,  and  3000  Hz.  SRT  increases  significantly  at  the 
0.01  level  of  confidence  at  -2.0  dB,  which  corresponds  to  an  average  hearing 
threshold  level  of  32  dB  at  2000  and  4000  Hz,  and  22  dB  at  1000,  2000,  and 
3000  Hz.  Smoorenburg  believes  this  (the  0.01  level)  is  an  unacceptable 
hearing  handicap. 

In  one  of  the  most  extensive  investigations  of  this  issue,  Robinson  e_L 
a  1 .  (1984)  tested  20  normal-hearing  and  24  hearing-impaired  individuals  in  a 
variety  of  listening  tasks,  which  included  a  simulated  social  gathering, 
public  address  announcement s  recorded  in  the  Waterloo  railway  station,  and  a 
telephone  listening  situation  where  speech  and  noise  were  mixed,  all  at  a 
speech-to-noise  ratio  of  2  dB .  They  also  administered  CVC  monosyllables  in 
the  sound  field  at  several  levels  of  speech  and  noise.  The  results  showed 
large  differences  between  the  normal  and  hearing-impaired  groups,  but  there 
were  also  large  differences  within  groups  and  even  within  the  same  su!'  ;eot's 
responses  across  tests.  Average  hearing  threshold  level  at  3000,  4000,  ani 
6000  Hz  correlated  most  highly  with  performance  on  the  three  simulations,  and 
the  average  at  1000,  2000,  and  3000  Hz  correlated  best  with  the  speech 
audiometric  tests. 

Robinson  and  his  colleagues  concluded  that  they  could  not  identify  the 
threshold  of  disability  (what  we  call  handicap)  on  the  basis  of  a 
discontinuity  in  the  performance  curve  because  this  point  is  entirely 
dependent  upon  the  difficulty  of  the  test.  "There  are  as  many  pot‘-o*  ial 
'disabilities'  as  there  are  activities."  (Robinson  et  a  1 . ,  1  984  ,  p.  103)  They 
decided  that  the  function  of  the  low  fence  is  not  to  distinguish  he*  we»r. 
circumstances  but  between  people.  They  found  that  the  2nd  percent  : le  ~f 
performance  by  normal  subjects  (on  the  poor  performance  end  of  the  s  -a.e) 
corresponded  to  hearing  threshold  levels  at  1000,  2000,  and  3000  Hz  in  the 
impaired  group  ranging  from  27  to  34  dB  for  all  of  the  tests.  Because  t  he 
performance  of  individuals  with  hearing  threshold  levels  in  this  range  was 
less  dependent  on  particular  tasks,  they  chose  an  average  hearing  i eve  1  :  f  30 
dB  at  1000,  2000,  and  3000  Hz  as  the  threshold  of  disability. 

Robinson  and  his  colleagues  make  a  very  impor  tant  point  when  *  r.-y 
observe  that  the  onset  of  handicap  (disability  in  their  words)  vn r :  <  ■ :  • 
according  to  task,  so  that  the  selection  of  any  one  set  of  cor.di*  i  or. s  f  i  •.Re¬ 
definition  of  beginning  handicap  is  necessarily  arbitrary.  However,  ‘  )-,•■:  • 
selection  of  the  2\  perf  rmar.ee  level  of  normal  listeners  is  a  isr  ttow1-  it 
arbitrary.  It  is  based  on  a  limited  total  number  of  sub  s  (20  normals  <n'; 
24  hearing-impaired),  and  only  one  speech-to-noise  rat  ;  r  (2  dB)  .  *,:•  .y  '. 
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.subjects  had  hearing  impairments  as  grc  i 
at  10 CO,  2000,  and  3000  Hz.  The  shape 
produced  different  results  had  there  i ..re¬ 
in  the  final  analysis,  it  appears 
always  involved  some  degree  of  sub iecr  lvo.  ;  •  •  - 

"  he  SRT  increases  at  the  5*  or  i*  level  .  f  3  ;gr.  :  . 

normal  performance,  or  an  estimated  di  1  f  e:  ■-  :  v.  ...  •.  .  .  :  :• 

normally  or  subnormally  on  speech  recognition  t  a  * .  • ,  v. 

is  involved.  Fortunately,  these  recent  experiment-,  •  •  •  . :  ;  ■ 

beginning  handicap  to  between  about  15  and  30  ad  at  '  ' 

The  only  way  to  narrow  it  further  would  be  t  • 

listening  conditions  in  the  specific  jobs  or  ale  r .  -  ;  wr.  :  •  *  :> 

assessment  of  handicap  is  needed.  One  must  also  1  emenu.t-  1  that  !  j,  1  :i  1 uj  to 
range  applies  to  the  recognition  of  everyday  speech..  .special  e  i  t  cumstaueo.-t, 
such  as  sentry  duty  in  quiet  areas,  may  very  well  leq.ite  m  ie  sensit.  ivr 
hearing  if  the  listener  needs  to  detect  faint  or  high-frequency  sounds. 


PREDICTING  COMMUNICATION  AS  A  FUNCTION  -r 

Some  interesting  schemes  for  predict  in:;  s: 
communication  losses  have  been  developed  ;.y  Key  ft  :  1.  ■■  1 'V  ■' ''  •  ■' 

one  scheme  he  borrowed  a  graph  from  Stevens  am  '  7 .  a  ;  ,  .  ,  •  1  .  •  . 

Figure  i,  from  Stevens  and  Davis,  shows  an  0:0  i ,t.e  :  •  :.«•  >.  '  <  mile)  ot 

distinguishable  tones  in  the  auditory  area.  The  .i.  o.s)  imate«  w.-re  made  by 
holding  intensity  constant  to  find  the  difference  Ilmen  (DL)  for  frequency 
(based  on  the  work  of  Shower  and  Didaulph,  1931),  and  then  by  he  1  ding 
frequency  constant  to  find  intensity  difference  lime ns  (based  on  the  work,  of 
Riesz,  1028) -  Stevens  and  Davis  plotted  on  the  area  of  audibility  l-r  normal 
listeners  the  number  of  discr  iminable  units  in  squares  1/2  5  ve  w  :  c.-  by  1  r 

dB  high.  The  upper  left  number  in  each  cell  gives  tns  '.dm  for  nr  •  .  ■  :  y .  1  cr¬ 
upper  right  number  gives  the  DLs  for  frequency,  •  lower  n'.dyi  g  i  v  e  a 

their  product,  the  total  number  of  DLs  in  each  <:>.  ■.  Jdn,g  the  ;  of  a  i  a  for 

each  cell,  Stevens  and  Davis  estimated  a  .  .  <:.  i  tot.  a  1  of  3  4  0,  009 
distinguishable  tones  in  the  audible  range. 

Figure  2  shows  Kryter's  (1984)  version  of  •  •  s  r  -ip:  i*-ve  1  -'pod  by  St  evens 

and  Davis.  The  lower,  concave  curves  re:  :  ■  y  <  :  ‘  •■■■=•’  :  » .  •  :  rvoro  c. 

90*  range  of  "crit  ical  intensities"  pres  •  •  :  :  y  i  1  y  ■.  ,  :  ve  * 

labelled  #4)  .  Kryter  est imates  43,09  3  d i r  :  . r. .  r  d  .  •-  .  i .-  . 

range.  Curve  #3  represents  the  audiogram  u:  an  ind;  vi  rn  .  wiry  an  a.-erao. 
hearing  threshold  level  of  15  dB  for  500,  1000,  and  100"  Hz  .  0  his  p~  • 

would  have  lost  the  capacity  t.o  perceive  :  5  -  :  ■  ,  ;  •  •  ■  :  .  ■ 

units  constituting  everyday  speech,  a;,::  at  nut  4  •  ,  :  '  •  •  •  • 

di  sc  r  iminable  units.  Curve  #2  represents  •  he  and  i  ■  j  :  ir.  •  -  t  ■-  n  :  r.  : .  vi  Jim  1  w  ;  •  ; . 

an  average  hearing  threshold  level  of  25  dB  at  SO',  1 0 C ,  and  2  u'  Hz.  Inis 

person  would  have  lost  313  or  15,500  of  the  upee<  ■.  ur.  1 •  ...  an  i  .  ’*■  •  ;  44,  ■ 

out  of  the  total  discriminable  units .  Curve  #  I  •  :  .  y  1  a  pe :  ::  w:-  :  ji. 

average  hearing  threshold  level  of  55  di;  at  SOI.  ,01  ,,  and  100  .  Hz,  a:.  i  .1 


consequent  loss  of  963  or  41,293  of  the  speech  u:  j  ts,  and  44  '  r  150, 000  : ut 
of  the  total  number  of  discriminable  units.  Because  there  is  a  s 1 i qh* 
discrepancy  between  Kryter's  estimate  of  the  t  .-  nun.).-*  ♦  (3’ 


:  7 


Figure  1.  Number  of  distinguishable  tones  in  the  auditory  area. 


Note  ■  From  Hearing,  Its  Psychology  and  Physiology  by  S  .  5.  jtavfrm 

Davis,  1938  and  1983,  New  York:  American  Institute  of  Physics.  Pep: 

with  permission  from  Hearing,  Its  Psychology  and  Physic!-  ay,  -mry 
Acoustical  Society  of  America,  1983. 
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Figure  2.  Number  of  discr iminable  units,  as  in  Figure  1,  with  mean  a..d 
range  of  critical  speech  intensities,  and  thre..-  hypothetical  audiig 
superimposed . 


Note .  Adapted  from  Physiological.  PsvcliQlggxcal.  uni  toCiai__  hlioctt  ci  1 
(NASA  Reference  Publication  1115)  by  K.  D.  Kryi.er,  1 3  y  4 ,  W  i:sh  Lr;g*  '  r. , 
National  Aeronautics  and  Space  Administration.  Reprinted  by  permission. 


ana  that  of  Stevens  and  Davis  (340,  000),  Kryter's  hearing  1  ent  ir.  a*  ••  •  :■  .  ; 
t-e  slight  iy  lower  if  calculated  on  Stevens  and  Davis'  total.  •  ■  ,  • 

should  also  note  that  these  estimates  are  based  entirely  or.  a  f ;  i  :r  : 

and  the  situation  might  be  somewhat  different  if  the  intensity,  i  r  t:  -  r  : 

temporal  distortions  present  in  many  cochlear  impair  nr.,  ..ts  were  tik.-:  : 

Ir.  another  method  of  predicting  the  speech  communication  abilities  of 
.tea  ring-impaired  individuals,  Kryter  (1970)  calculates  Articulation  Index  (AI) 
values  corresponding  to  various  amounts  of  hearing  loss.  Table  2,  from  Kryter 
(1970).  shows  AI  estimates  for  several  hearing  threshold  levels,  based  on  the 
amount  of  speech  expected  to  exceed  thresholds  of  audibility  for  f  ur  levels 
vocal  effort.  He  has  arrived  at  these  estimates  through  a  series  f. 
which  include  subtracting  6  dB  for  the  transition  from  earphones  t  •  u ::  i 

field,  and  adjusting  for  the  difference  in  threshold  between  pure  tones  and 
sounds  having  continuous  spectra.  According  to  Table  2,  an  individual  with 
an  average  hearing  level  of  25  dB  (ISO  and  ANSI)  at  500,  1000,  and  2 'Of  Hr 

which  corresponds  to  a  level  of  35  dB  at  1000,  2000,  and  30  0 0  Hz  will  hour 
"everyday"  speech  (65  dB  long-term  rms)  at  an  AI  of  0.47,  and  will  oorre'*t  ly 
hear  95%  cf  the  sentences  and  73%  of  monosyllables  presented.  :  ma  : 

conversation"  (55  dB  long-term  rms),  will  result  in  an  AI  of  0.26,  w  i  •  h  *  - 
sentences  and  35%  monosyllables  recognized. 

Figure  3,  also  from  Kryter  (1970)  shows  the  estimated  percent  -ige  h~a:  :  , 

impairment  and  percentage  of  monosyllables  recognized  as  a  functi  u  -  :  ■ : 

hearing  threshold  level  at  500,  1000,  and  2000  Hz,  and  at  1000,  2. 0 * ,  asi  •  ' 
Hz.  The  curves  represent  functions  calculated  from  the  AI,  and  the  r  r  •>.  i  a:  • 

*  ir.es  represent  the  AAOO  1959  hearing  handicap  rule  and  other  lineai  •  •:  •  •  . 
pr  posed  by  Kryter  for  sentences  at  an  everyday  level,  normal  or-.ve:  -  ■  •  .  ; 

level,  and  weak  con ve rsa t iona 1  level.  Again,  the  reader  should  be  aware  > h  :- 
h 11  of  the«e  predictions  assume  a  quiet  environment  and  a  hearing  loss  1  ;• 

- : :  a  r  act.  er  i  zed  by  the  attenuation  model,  without  distortion. 

Certain  other  investigations  have  used  the  AI  with  hearing-  irm  :  re  i 
subjects.  Macrae  and  Br  :  gden  (1973)  tested  309  hearing-impaired  sub  :<-o‘  r  w .  •  . 
TT  sentences,  in  quiet  and  speech-to-noise  ratios  of  *10  and  -If  <•> 
manner  similar  to  Kryter'.-,  they  calculated  an  AI  for  each  maiv:  Ins  :  of  •  , 
and  found  very  high  correlations  between  AI  and  sentence  roc  gn i  '  1  : 

At  •  ho  -10  dB  speech-to-rr  ■ :  r- •  ratio,  the  correlation  was  0.9'''°  or.  i  ■ 
sneech-t o-noise  ratio,  it  was  0.989. 


In  a  slightly  different  approach,  Smoorenburg  ( 1  7  8  I  j 

•  :.e  a  I  for  normal  listeners,  based  on  the  speech-to-no  i  se  >  a'  . 

■  sh  eets  achieved  50%  sentence  recognition  (SRT)  .  They  then  -a  i  •••;  i  v  •  •  : 

£  -r  each  hearing-impaired  subject,  based  on  the  speech-*  -r,  is-. 
--  r  responding  to  the  subject's  SRT  and  on  the  amount  of  inform-)4  i  -  ■ 

n  -  be  available  because  of  the  filter  effect.  Whereas  *  he  av>-r  i 
r.t  rma  1  subjects  in  A-weighted  noise  levels  of  40,  55,  and  0  dB  was  .. 
average  AT  for  hearing-impaired  subjects  was  0.24  8.  Because 
listeners  could  function  at  a  slightly  poorer  AT  than  '  he  hear  inn-  •; 
rib  -jects  (a  difference  in  AI  of  0.03),  the  authors  conclude  that  reds:-'* 
i.lib.e  cues  does  not  comple* ely  explain  the  difference  in  performance  : 
;rral  and  hear  ing-iropa  i  red  subjects. 
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-  M  a  iGNAj.s 

!a::ch  has  been  conducted  on  the  ability  of  hearing¬ 
's  detect  and  recognize  auditory  warning  signals.  What 
js  focused  the  effect  of  hearing  loss  in  combination 
Wi  ikir.3  (1984)  carried  out  a  fie)  j  study  *  •. 

■  .  pnr  ec*.  oi  s  arid  hearing  loss  or;  he  p-.-r  cep"  .  r:  • 

'  o  :  i  i  en  ’  r  '.".to:  .  H--  '.sod  o  •  ’  by 

1  !  J  r  ;  0 


o  -  tf  s  v  to  sp  one  i  sim  ;  in  y  ■ ;  .  o  .  . 

u  ten  this  to  spectral  differences  in.  the  signals. 

all)  of  the  subjects  wore  nearing  protection,  and 
;0  r  uncontrolled  variables,  any  conclusions  from  this 
h  extreme  caution. 


; 


s  o  arc!' 


i- 


is  the  e 


r.  e  c  t  o  i 


hea  :  i  ry 


an 


i  moa  1 1  men* 

by;  *  important  environmental  sounds,  such  as  cum:  jf  -  -uc.-ir;  . 
bi  ,  in . . ie  the  sound  of  footfalls,  barbed  wire  being  clipped,  and 
:i  of  a  rifle  magazine.  Popular  opinion  holds  that  many  of  these 
r  e  i  or  !  ,ou,v.  I  y  high-frequency,  with  energy  in  the  2000-8000  Hz  range 
i.  i  and  Wi , son,  1986)  .  However,  Price  and  Hodge  (1  976)  have  shown 
■?ctra  :  these  types  of  sounds  are  fairly  flat. 


i 

v  i 


r  • 


■■  exf 
. .  r;ot 
n  e  a  r 


edge  (19d6)  developed  a  model  for  predicting  the 
r i  -  .i  ;  noises .  They  analyzed  2  4  noise  samples  according  to 
.  cru  Leal  bands,  then  modeled  ;  he  normal  ea  •;  '  r.  ne*  h'- 1  >f 
e  ver  -1 0 -msec  and  200-msec  periods .  Actua  l  and  predict  ed 
she.  wed  excellent  agreement  .  Or  o  omp  a  r  :  r  q  fyrionl 
soldiers  to  the  24  noise  spectra,  they  -s»  im-yc.d 
Individuals  could  detect  these  sounds  a*  an  average  levy, 
b,  li«»rs  with  aoout  20  years  of  noise  exposure  .  Wit.:.  •  ;  .■ 
:  si  —  f  requency  environmental  noise  (jungle  with  animals  and 
at.  ed  difference  between  the  two  groups  tell  to  0.3  dB .  A 
,  orient. a  1  noise  (recorded  in  rural  France)  pr  .due pci  ar. 
y  ■  f  7.8  d9  between  normal  listeners  and  so  1  •  t :  o  r  s  with  22 
•osure .  The  authors  explain  that  the  reason  why  these 
greater  is  because  listeners  would  be  relying  largely  on 
inq  to  make  most  of  the  detections.  They  cautioned, 
.ion  and  identification  are  net  the  same,  and  that  hearing  - 
r»  arc  likely  to  have  more  difficulties  in  analyzing  sound 


than  their  normal-hearing  counterparts.  From  the  preceding  discussions  of 
suprathreshold  abnormalities,  it  would  appear  that  this  caveat  is  warranted. 


VI.  MILITARY  PERFORMANCE  CRITERIA 

All  three  military  services  now  have  hearing  sensitivity  criteria,  which 
restrict  personnel  from  certain  jobs  and  classes  of  jobs.  In  fact,  the 
Department  of  Defense  now  has  criteria  for  rejection  for  appointment, 
enlistment,  and  induction  that  apply  to  all  three  services  (DoD,  1986)  .  These 
criteria  were  issued  as  DoD  Directive  6130.3  on  31  March  1986,  and  were 
adopted  by  the  U.S.  Army  on  27  July  1986.  They  reflect  a  tightening  of  the 
previous  Army  induction  standards  in  that  they  now  include  the  3000-Hz 
frequency,  and  they  no  longer  allow  unlimited  hearing  loss  in  the  poorer  ear. 
It  is  interesting  to  note,  however,  that  they  are  generally  less  stringent 
than  the  levels  identified  by  recent  researchers  as  the  point  of  beginning 
hearing  handicap  (see  Suter,  1978;  Smoorenburg,  1982  and  1986;  and  Robinson  et. 
a  1 .  .  1  984)  .  Table  3  specifies  the  acceptable  hearing  threshold  levels  for 
both  ears: 


Table  3 

Department  of  Defense  Hearing  Threshold  Level  Induction  Standards 

(DoD,  1986) 


500-2000  Hz 


Average  threshold  no  greater  than  30  dB 
No  single  frequency  greater  than  35  dB 


3000  Hz 


No  threshold  greater  than  45  dB 


4000  Hz 


No  threshold  greater  than  55  dB 


A .  U.S.  A  rmy 

Until  the  DoD-wide  directive,  the  U.S.  Army  has  had  its  own  induction 
standards,  which  have  been  somewhat  more  complex  than  the  new  standards  (U.S. 
Army,  1983) .  Table  4  gives  the  Army's  previous  acceptable  hearing  thresh  d i 
levels  for  appointment,  enlistment,  and  induction  from  1983. 
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3  ■ 


frequency 


Both  ears 


500  Hz 
1000  Hz 
2000  Hz 
4000  Hz 


Audiometer  average  level  of  6  readings  (3  pe. 
ear)  at  500,  1000  and  2000  Hz  not  more  than  30 
dB,  with  no  individual  level  greater  than  35  dB 
at  these  frequencies,  and  level  not  more  than 
55  dB  each  ear  at  4000  Hz;  or  audiometer  level 
30  dB  at  500  Hz,  25  dB  at  1000  and  2000  Hz,  an  J 
35  dB  at  4000  Hz  in  the  better  ear. 


OR 


If  the  average  of  the  3  speech  frequencies  is  greater  than  30  dB  ISO-AN 
reevaluate  the  better  ear  only  in  accordance  with  the  following  table 
acceptability ; 


Frequency 

Be t t e l 

500  Hz 

30  dB 

10C3  Hz 

25  dB 

2000  Hz 

2  5  dB 

4000  Hz 

3  5  dB 

The  poorer  ear  may  be  deaf. 


The  Army  also  has  criteria  for  aviators  an.  m.r  traffic  control  1 
I’J.S.  Army,  1987)  .  These  are  somewhat  more  s-  L:  ••ent.  than  hv”?  •'  redact 
criteria.  They  are  shown  in  Table  5. 


25 


Table  :: 

U.S.  Army  Hearing  Threshold  hove:  Stand.-v  is  1 
Aviators  and  Air  Traffic  Controllers 
(AR  40-501,  1987) 


Frequency  (Hz) 


c.  C'  r\ 

jO  j 

a.  0 

0  0 

■“»  ."X  { 
C.  V  v 

30 

30  0  0 

4  C 

0  0 

60 

0  \ j 

Classes 

1  S  1A 

Each  ear 

25 

dB 

25 

dB 

2  5 

dB 

35 

dB 

45 

dB 

45 

ciB 

Class  2 

Better  ear 

25 

dB 

25 

dB 

O  C 

dB 

3  5 

dB 

r  u. 

O  .J 

dB 

-Ui 

(Aviators ) 

Poorer  ear 

2  5 

dB 

35 

dB 

35 

dB 

48 

dB 

6  5 

dB 

7  5 

uB 

C  :  a  s  s  2 
(Air  Traffic 

Cent  rollers) 

Each  ear 

2  5 

dr. 

2  5 

dB 

o  r. 

C.  W.' 

d3 

35 

dB 

f,  5 

dB 

7  5 

■.IP 

Class  3 

Better  ear 

25 

dB 

25 

dB 

25 

dB 

3  5 

dB 

6 '  • 

dB 

7  5 

dB 

Poe  «r  ear 

25 

dB 

3  3 

dB 

35 

dB 

45 

dr 

6  5 

dB 

7  5 

•  iB 

Soldiers  may  be  denied  appointment,  enlistment  and  induction  for 
numerous  ctological  abnormalities,  such  as  severe  external  or  middle-?  ear 
otitis,  mastoiditis,  or  history  of  ear  surgery .  Aviators  may  be  declare.-: 
unfit  for  flying  according  to  another  list;  of  ot  o.logica  1  criteria,  which 
includes  abnormalities  o-  labyrinthine  function,  eustachian  tube  dysfunct  ion, 
and  deformities  of  the  p.  .a  which  would  be  likely  to  cause  problems  with  •;  ho¬ 
use  of  protective  headgeu  or  extended  periods  (U.S.  Army,  1997) . 

The  U.S.  Army  has  a  stem  of  profiling  hearing  impairment.'.  •  qua  i  i  I  v 
current  personnel  tor  *  performance  of  various  duties.  A  profile 
designation  of  i  indicates  high  ievel  of  medical  fitness.  A  2  profile  moans 

that  a  person  possesses  so  .e  medical  condition  or.  defect  that  may  impc  ... 
1  imi  tat  ions  on  classification  aria  assignment.  A  3  profile  i  rtdi'-at  ,.s  that 
medical  condition  requires  certain  restrict  ior.n,  and  the  4  pr  file  drusri  - 
limits  performance  (U.S.  Army,  1  983)  .  Table  t>  shews  H.  (hear  ing)  prof  i  i*..s  l 
••  r:  rough  4,  according  to  Army  Regulation  4  0-50;  ( U  . .  A  r  rr.y ,  1987)  . 


Aurt  1 » )ni».,T  «.*  i  riv«  TrtqK  itvO  1.  01  r.  rea-'f  :  mja  l  ^  pc.  i.  *.-«*  i 

1000,  2  000  H  /  ■: '  r  not  more  1 1 1  fi  ii  3  0  >  t  i* ,  with  ii;  •  i ;  i  i 
level  gie.itet  thin  1L  JB  =v  :  heae  t  rocp.it-:  ■*  i  -vs,  -v 
more  tr.3n  oo  g.B  at.  100v  Hz,*  or  aud-roitiete  *  .eve 


in  i  v  be  •!•.•  *  ' 


e a  r  o.:  ;ea  .•$ o  ; : 


ied  st>*>.-oh  reception  threshold  rv*.t** 
Level",  L  ...*.,  volume  con’,  rol  of  he<  t  >  q 


,J  ; ;  1  •/  1  9  -  5  ‘ 


genic  lisease  ot  arc 


According  to  AR  40-M0 1  (U.K .  Army,  1967),  officer 
the  Acrr.u,  Art  :  1  lew  y,  md  Infantry  branches,  as  *»■* 
fnginoers.  Military  intelligence,  Military  Police  O  ••• 
qualify  for  the  H-l  profile.  However,  their  hear  ire 
may  still  be  retained  if  they  demonstrate  ccntinu  ir. 
duties  or  if  they  arc-  a  birr  t  c  pe  r  f  <*•  tv.  i  he  i  r  du1*  i  *• 


r  a  v  1  *■  k  >:• 


per  tormina  t.  net. 


'ton  i  1 1  7  a  t  ;  '  ci 


r.  :  V  e  .  V  w  ; 


ivy  dr.  oH  ■  O  i 


initially  assigned  to 
to  the  dorps  of 
■r.l  Signal  dorps  must 
'  *! f  t  e  r.  i o  rate  and  1  tie y 
.  :  *.  ‘  o  i.  -i  form  t  tie  Ls 

■  to  h •  ■  L ;  f  a  hea  i  i  :.q 


o<*  :  a  ■  s  :  <mrr>en  t :? 


.'■.ice’  .  r '  •  ■  3  w  .  ■  h  a  j'ted 


Ir:t«*t  r  ■  .'id 1  o-  t 7  " 1  **  rfi- 

CJ.S.  Airy,  ltd,  p. 
o  'imman d  .  : :  •■■,*,•  ...  > 

7  02).  The  :r.a  ;  r - / 

nrof  i  if.  'u  !  s 


; .  a  3  A  i  7r.it  t  i  o 
*  !  ’  and 


Ocularly  important,  H-I  p 


actives  ,nr: 


tire  - ;  *  See  ... 

. d  V  3  i  'C  y  **?■  C  P  ‘  <  “ 

M4i,  MoO,  anti  Mi  Arm:  i:  Crewmen 
Mu  ir  "  ^rdr.no  I  ^  uuri  J  uu!'  ins  '\uui  i ;  r 
T  a  c  1 1  cal  -i  t : '  a  i  -  ?•>::  t  r  c  Her 
Wire  5 v stems  ■  v 


-Per  i’M 


SutpriS4.i.g:y,  c< > -•  c ...  l ■ 
tO  t  ''£*  d  OPci 


goca  coiaraur.  l  :ut  ‘ 


Air  Traffic 
Lororvjt  ive  Or-: 
Special  Aqo:i’ 


’ .  S  .  A i :  F o  rce 


.  Tower  Operate  r 
i  Ra  Jar  Cont  ro  :  Le: 


The  A  i Force-  ha.-'  it..-,  -wt  ? ..  -  ••  of  H  p:  .!  i  .r-s 
r  Force,  1987  j  .  The  fol  1  wing  job  3  u  act.  iv  i  i 


Air  Force  A  .  v  ferry  Airissi';;i 
Flying  Classes  1  -inti  I A 
In  it  i a  1  F .1  y  i  nq  C 1  -.  ill 

Ir.it  ial  AFR17T  1  <-  .  t  -,>p. 

Tnit  i  a  1  Seieot.  i  r  :  Miss  .  e  , .  i ,  i  v.: 
Tnit  ial  SeU»-C  .  t  Air  Tr.if  f  i  <-  Cost  r  .  l,p 

Other  Fens  :  tidily  Fr.tei  i  tig  i-  ■>  •  re  La 

Haze  rdou-j  '  i •>  i  is 


re*  v  per  a-- 


U.S.  Air  F 


old  Level  Profiles 


(AFP.  . 

1987) 

500 

Hz 

Must 

not  exceed 

25  dB, 

each 

ear 

1000 

Hz 

Must 

not  exceed 

2  5  dB , 

each 

ear 

2000 

Hz 

Must 

net  exceed 

25  dB, 

each 

ear 

3000  Hzl  Sum  of  audiometrie  thresnolds  at 
4000  Hz >  these  frequencies  for  both  ears 
6000  Hz)  must  not  exceed  a  total  of  270  dB . 

Audiometric  thresholds  for  the  frequencies  500,  1000,  or 
2000  H 7  may  equal  but  not  exceed  the  following: 


Better  Ear 
Worse  Ear 


500  Hz 
30  dB 
30  dB 


diz. 

30  dB 
50  dB 


30  dB 
50  dB 


Any  hearing  loss  greater  than  H-2.  The  patient's 
remaining  auditory  acuity,  unaided  or  aided,  must 
permit  the  reasonable  fulfillment  of  the  purpose 
of  the  individual's  employment  on  active  duty  in 
some  occupational  capacity  commensurate  with  his 
or  her  grade. 

Any  hearing  loss  with  which,  despite  the  maximum 
benefit  from  a  hearing  aid,  the  active  duty  member 
is  unable  to  perform  the  duties  of  his  or  her  office, 
grade,  or  rank  in  such  a  manner  as  to  reasonably 
fulfill  the  purpose  of  their  employment . 


U . 3 .  Navy 

The  Navy  does  not  yet  have  a  system  of  H  profiles,  although  such  a 
torn  hoc  been  proposed  (personal  communication  from  John  Page,  U.S.  Navy 
ironmental  Health  Center,  Norfolk,  Virginia) .  There  are,  however,  criteria 
the  following  positions  and  duties:  qualifications  for  commission; 

■ intment,  enlistment,  or  indue* ion;  submarine  duty;  flight  training;  and 
vice  Groups  I,  II,  and  III.  These  criteria  are  shown  in  Table  8  (U.S. 

y,  1980  and  1984)  . 


Table  8 


U.5.  Navy  Hearing  Threshold  Level  Standards 
(NAVMED  25  Nov.  1980  and  3  Aug.  1984) 


Qualification  for  Commission  (25  Nov.  1980) 

Each  Ear: 

Av .  500,  1000,  2000  Hz  must  not  exceed  30  dB,  no  single  frequency 
greater  than  35  dB 
3CQ0  Hz  -  45  dB 
4  000  Hz  -  60  dB 

Appointment . _ Enlistment,  or  Induction  (25  Nov.  1980) 

Each  Ear: 

Av.  500,  1000,  2000  Hz  must  not  exceed  30  dB,  no  single  frequency  greater 

3  5  dB 

4 C C 0  Hz  -  55  dB 

OR,  if  the  average  at  500,  1000,  and  2000  Hz  is  greater  than  30  dB,  the  h 
ear  must  not  exceed: 

500  Hz  -  30  dB 
100 0  Hz  -  25  dB 
2000  Hz  -  25  dB 
4000  Hz  -  35  dB 

Poorer  ear  may  be  totally  deaf. 
jubm&£ias-..auLy.  13  _Aug.  _19.fl.il. 

Same  criteria  as  in  qualification  for  commission,  above.  Submar  i : 
personnel  must  also  not  exceed: 

500  Hz  -  35  dB 
1 C 0 0  Hz  -  30  dB 

2000  Hz  -  30  dB 

4000  Hz  -  40  dB 

80 CO  Hz  -  4  5  dB 

If  testing  at  8000  Hz  i.  impractical,  6000  Hz  may  be  substituted,  w 
maximum  of  40  dB,  but  excess  loss  at  6000  Hz  may  be  disregarded  if  all 
hearing  criteria  are  met. 

iexvice  Gzqu&s  .1  and  II _ 1 3. .Ac su _ l_iMl 

(Audiograms  must  be  obtained  on  all  flight  physical  exams.)  Hearing  f.hre 


'eve Is  must 

not  exceed: 

Ppoten-Eax 

500  Hz 

35  dB 

35  dB 

1000  Hz 

30  dB 

50  dB 

2000  Hz 

30  dB 

50  dB 

(continued  nr. 
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Table  8  (continued) 


cJtQ'ap  III _ L3  Ausu  .19 £.4) 

•"•  i ims  must  be  obtained  on  all  personnel  except  for  personnel  aboard 

■  r  i  p  .  ) 

gene  rax,  hearing  threshold  levels  must  not  exceed: 

Better  Ear 

5  0  0  H  z  “i  5  dB 

-  ■)  ) 0  Hz  4  0  dB 

v'-j  \j  ui.  4  0  dB 

Individuals  failing  to  meet  these  standards,  but  whose  hearing,  in  the  opinion 

of  the  examining  physician,  is  commensurate  with  safety  in  flight,  must  be 
evaluated  by  the  Naval  Aviator's  Speech  Discrimination  Test  and  must  obtain  a 
score  of  at  least  70. 

Standards  for  Flight  Training  Candidates  (3  Aug.  1984) 


Hearing 

threshold  levels  must 

Better  Ear 

not  exceed: 

Poorer  Ear 

5  0  0  Hz 

25  dB 

25  dB 

1000  Hz 

25  dB 

25  dB 

2000  Hz 

2  5  dB 

2  5  dB 

3000  Hz 

45  dB 

45  dB 

4000  Hz 

60  dB 

60  dB 

A  series  of  three  audiograms  is  necessary  to  disqualify  a  candidate. 


No 

Requirements 


D.  Other  Military  Criteria 

According  to  Frohlich  (1981) ,  all  German  military  pilots  must  have 
hearing  sensitivity  no  worse  than  30  dB  between  250  and  2000  Hz.  Candidates 
for  flight  training  must  have  hearing  threshold  levels  of  20  dB  or  better 
between  250  and  2000  Hz  and  at  3000,  4000,  and  6000  Hz,  the  combined  losses  in 
both  ears  must  not  exceed  210  dB . 

Gloudemans  (1981)  reports  the  results  of  a  survey  of  military  hearing 
threshold  level  criteria  for  several  nations.  He  gives  data  for  Italy, 
Portugal,  Canada,  Norway,  France,  the  Netherlands,  and  the  U.S.  These  data 
appear  to  be  somewhat  unreliable,  however,  in  that  thresholds  based  on  ANSI 
and  ASA  zero  reference  levels  appear  in  the  same  table  (unspecified) ,  and  the 
author  gives  criteria  for  the  5000  Hz  frequency  (attributed  to  the  U.S. 
Army !  )  . 


E.  Prevalence  of  Hearing  Impairment  in  the  U.S.  Army 

Walden  et  al  ■  (1975)  conducted  a  very  large  and  thorough  study  of  the 
prevalence  of  hearing  loss  within  three  high-risk  (noisy)  branches  of  the  U.S. 
Army:  infantry,  armor,  and  artillery.  The  investigators  randomly  selected 
1000  subjects  in  each  of  three  branches,  including  200  in  each  of  five  lengt.h- 
of -experience  categories.  Tests  of  pure-tone  hearing  threshold  levels,  SRT, 
and  speech  recognition  of  CNC  monosyllables  in  quiet  (at  40  dB  above  SRT)  were 


and  each  subject  was  assigned  the  appropriu:  ••  •  ; 

r.c  large  differences  in  the  prevalence  c‘  .  .**.*. :  . 

-n  che.;  ,  r  significantly,  they  did  shew  id  • 

*.  r  ese  branches  nave  hearing  losses  resul‘  !  ncj  :  n  1:  , 

..  si-;--  r  test  t  ime- in- se  r  vice  category  (1.5-C.4  yea  n)  , 
nei  carried  an  H-l  profile.  In  the  longest  category 
rer,  cr.ly  about  45%  had  an  H-l  profile.  Speech 
;  Its  that  were  within  normal  limits,  although  be' 
recognition  scores  in  quiet  deteriorated  slightly  with 


r.  :  hi?  colleagues  also  administered  questionnaires  to  *  he  i  r 
hi  ch  each  subject  was  asked  to  state  his  current  H  profile, 
who  knew  their  profiles,  a  substantial  number  of  them,  did 
propriate  profile.  In  some  time-in-service  categories,  no 
le  subjects  had  worse  profiles  than  they  report eu  (Waller,  pt 


*»t  ionnai  res  ’Iso  contained  items  f  v.  r  self-reported  he  a 
he  response.-;  re  which  remained  anonymous.  4  9.1*.  (1462)  of 

believed  they  had  a  hearing  loss.  Many  of  these  respect 
i-1  profile,  possibly  indicating  that  this  profile  a  1 
itir.ij  loss  t  "I  oe  noticeable  to  some  individuals.  63  *  of  the 
call  felt  that  the  hearing  loss  interfered  with  their  abi'ir 
44.3*  of  the  1462  (22*  of  the  total)  reported  that  t he  tea 

ed  with  social  functioning,  and  37.4%  of  the  1462  (!.<?''■  -  f 

ie:i  that  the  hearing  loss  interfered  with  job  perform-. 
,  a  progressively  smaller  number  indicated  difficult!*-?  w •  r: 
s  years  of  service  increased.  This  is  despite  ‘.re  { :»••• 
.-■/ice  duration  produces  greater  hearing  loss.  In  cent  ran*  , 
sub  j-  c  who  believed  that  the  hearing  loss  interfered 
uni.ng  tended  to  increase  with  time  in  service.  The  an- 
jolliers  :  ••  h  considerable  time  in  service  may  be  less  will  i  r 
si  r  r.-ia  .  impairment  can  affect  their  abilities  t ••  m run) 
*  heir  adequately  (Walden  el.  al . .  1  975)  . 


3  of  Irr.f  •  i  Hearing  in  the  Military 

.  :•  l.ubt  '  the  nearing  impairments  character  iz*4-  i  ;  y  :  .■ 

:  lies  c.»n  •-  grade  speech  communication.  This  is  even  •  r  . 
e  under  certain  conditions.  To  convey  the  ext  --t  1  -f 
t  i  --ll  hearing  losses  which  typify  the  different  H  or  f  i  ’. . 

%  and  plotted  in  Figure  4  (from  Richards,  1973! ,  which 
-.tensities  and  frequencies  of  various  speech  i  ■  n •  - : . :  , 

:r  r.  ve  r  sa-  1  on  a  i  )  level  of  60  dB  .  One  can  see  *  hat  •  v*  r  w  :  *  - 
mu n h  •  -  .<•  con:.*  nant  area,  especially  the  .  b.-:  . 

j  s-  *me  o!  i  ne  r.  h  i  rd  and  all  of  the  fourth  vtw.  :  u 
2  p;  hi  1 .  interferes  with  a  arger  port  i  c  *  :•*• 

ir.c  1  cl*.-  al!  of  t  he  high-f r*»qu*.*r. cy  consonant..-,,  *  i  ;  i 
*  he  th  :  i  .  and  suite  of  the  second  vowe  I  f  or  man*  i ■  ■  > 

H-3  nrof  i  i  •  will  lose  me st  or  r. -tenant. s,  r/."‘  :  •  h*  -  :  :  •. 

.  f  o  .  i  •;*  •••  ve  t  ha  t  . 


Sound  pressure  tevel.  for  speech  at  1  metre, 
from  talker’s  lips  dB  rel  0  00002  N/m*  , 


H-3  H-2  H- 1 


Figure  4.  Relative  intensities  and  frequencies  ot  .  arious  speech  components. 
Typical  CJ .  S  .  Army  "H"  profiles  are  superimposed. 


IL'j L&  ■  From  leleCQimunicati.M iiy Speech  : _ The  Tr ausiiii 3 alia.  iis 1 1 Qxinax; c u 

Telephone  Networks  by  D.  L.  Richards,  1973,  London:  Butterworths . 
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Table  9 


taring  Threshold 

Levels 

Typical 

of  Army 

"H"  Profit-.- 

250  500 

1000 

2000 

3000 

4000  60c 

5  1 5 

20 

30 

40 

4  5  6  0 

2  1  .5  2  6 

26.5 

38 . 5 

47.5 

5  4  6  ? 

:  0  2  C 

25 

35 

50 

5  5  7  5 

3 4 .5  31 

31.5 

43.5 

57.5 

6  4  8  - 

13  3  0 

4  0 

55 

7  0 

80  7. 

3 9.5  4 i 

46.5 

63 . 5 

77  .  5 

8  9  j  5 

,  these  typical  H  profiles  have  been  pi  r  \  ■  > 

•p . i  by  Stevens  and  Davis  (1938  and  1  983)  (see  Fig..:* 

of  di.scr  iminable  units  in  the  auditory  area.  Fry' 
‘he  mean  and  901.  of  critical  intensifies  during  up*  - 
ir.  ‘ft?  lower  portion  of  the  chart.  Accordingly, 

1  H-l  profile  would  miss  approximately  371  of  the 
e  speech  range.  An  individual  with  an  H-2  profile  w 
the  H-3  profile  would  cause  nearly  80%  of  the  spee  i. 

eader  shou  1  bear  in  mind  that  these  estimate 
nil  (80  IB)  r  "everyday"  (65  dB)  level  of  3 1  <*.'*• 

that  are  net.  ways  typical  of  military  situations.  1 

i  ler  ably  hi  r  in  combat  conditions,  but  so, 
a.  In  add  it  i  ‘he  estimates  resulting  from  Figure:' 

:  :  . ‘ering  para  .  q.-„  and  do  not  include  the  additional 
r  n  •  he  distort’  :■  component.  Because  the  distm  t.  >  •  • 
y  t  r  ub Lesome  i  n  high  speech  and  noise  levels,  w*  * -.1 
:  n  :  degradat  it»n  will  more  than  offset  the  bor.ef  i  t.  s 
.  t  o  rrriat -type  situations. 

most  of  t  he  3000  soldiers  tested  by  Walden  e*„  jj.  . 
gr.ir  i  n  s  cores  within  normal  limits,  the?  authors  care  . 
.  n  i  ~a  1  tests  i  r.  quiet  were  not  good  indicators  of  th<* 
siii*  inq  from  h  i  gh- f  requency  hearing  loss.  They  iuerv 
-t‘  i  ns  involve  n, ode  rate -to- intense  lev;  Is  of  noise  . 
oal-life  speech  will  not  be  as  highly  intol  1  igible  a*, 
r  will  the  listener  be  given  the  courtesy  of  hearing  : 
e  his  SRT.  Wa  i  ion  and  his  colleagues  cot.*:  1  'Hod  ‘  t 
in  communicate  fa.rly  well  under  ideal  condit  i <  re  , 
pose  great  difficulties  in  the  typical  combat  env i 1  on.  ■ 
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v  '::e  statement  vf  18*  cf  the  3000  soldiers 
--s  inter  feted  with  thei  r  ability  to  perforr. 

.  that  hire  clinical  evaluation  of  Army  troops 

-nr:  it  :  : r.  in  noise .  They  also  recommend  t  •  t  h<*  A 
■  j  iv  of  the  effects  of  hearing  loss  on  communicat  i  or: 
tee  i.  general, "  ana  that  "this  research  should  be  or: 
•mess  of  soldiers  with  noise-induced  hearing  ics 
-  .  noted  that  many  soldiers  do  not  carry  the  appropriat 
v!  ‘  hat  the  profile  system  be  rigorously  administered. 


_  iy  ;  y  Walden  et  a  1  .  (1975)  indicates  that  many  sold 

a r. try.  and  artillery  branches  need  to  be  reassign’..'  ‘ 
-ere  lenient  profile.  According  to  Aspinall  and  Wi  l 
ru  conservation  officers  have  suggested  that  the  combat 
would  suffer  a  debilitating  manpower  shortage  if  ai 
according  to  their  hearing  loss  along  with  the  appro 
"  ;c.  11) .  Clearly,  the  extent  of  hearing  impairment  i 

f  ir.  the  military  in  general,  poses  a  significant  pr' 
vstem.  appears  to  be  inadequate  for  effective  communicj 
he  system  itself  is  poorly  enforced.  The  situat 
attention  in  the  form  of  rigorous  hearing  conservation 
tody  of  the  spec  if ic  communication  needs  of  each  j 
•.I ;  red  personnel  are  assigned,  and  the  resulting  rev- 
schemes.  The  consequences  of  communication  fail u 
severe,  ranging  from  mild  inconvenience  to  loss  of 
and  even  loss  of  life. 


nc.  ques-  *;  that  noise- induced  hearing  loss  acts  as 
.re  i sr.ii.  •  ome  debate  on  the  extent  to  which  dist<  : 

•  system,  f u:  •  _-r  degrades  the  ability  to  hear  speech,  h 

:  to  be  a  m. - .  er  of  degree  of  distortion  rather  than 

.  •  this  di  s-  ion  exists.  There  is  also  little  d'-u 
w  i  •  h  a  sign.  .  >.  rnt  degree  of  the  distortion  comp-  no:. 
•••••  -no  iso  ratios,  perhaps  up  to  10  dB  more  f  a  v 

-hea r i nq  count  e rpa rts . 

•  i  r. of  t.  he  auditory  system  that.  interfere 
can  be  divided  into  categories  of  frequency,  in* 
tossing.  The  frequency  distortions  most  commonly  : r 

curves  and  upward  spread  of  masking,  but  ot.V 
:  o  t  -o  r  t  ion,  have  been  identified .  Intensity  distort 
,  irr.  ;  rma  1  intensity  discrimination,  and  limited  dyna::  : 
row:,  t  have  del  iter  iou3  effects  on  speech,  as  have  1 : 

•  •ssing,  such  as  abnormal  effects  from  temporal  sumri.  i‘ 
i  manning,  and  nip  detection. 


iaar  ions  have  sit-wn  that  hearing-impaired  sub  je:v 
iura;  hearina,  but  not  as  much  as  norma. 


jo  •- 


;  he  t  as  :  s  of  l  imited  data,  it  uppe-’-s 
minor  .iif  f  iculties  localizing  sou;.-., 
t :  ul-  i  o  identifying  the  source  of  a  3 

ill  *1  *  -  ■  - ,  .  .ill,  i  p 

The  terms  "handicap",  "impairment",  "  d ;  3  t.  r 
impairment"  are  often  used  interchangeably ,  but  cam, 
this  report,  the  preferred  term  is  "handicap",  wf. : 
disadvantage  imposed  by  an  impairment  sut  f  i  o  i *-*: . * 
efficiency  in  the  activities  of  everyday  .living. 

Most  strdies  of  speech  recognition  in  quiet  point  to  the  importance  vt 
good  hearing  in  the  mid- f requency  range.  Virtually  all  of  the  studies  of 
speech  recognition  in  noise  show  the  importance  of  high-frequency  rearina 
The  same  is  true  of  speech  that  is  distorted,  f  01  -ix.inr.  ■ .  Uj  i.-.j 

reverberation.  Recent  investigations  of  the  "Low  fence"  ■  r  po:u  t 
handicap  indicate  an  average  hearing  threshold  1  >  1 

the  frequencies  1000,  2000,  and  30  0  0  Hz.  IS.,  in  •  .  •  :. 

usually  with  varying  amounts  of  background  nois--.  ..  . 

fence  will  depend  mainly  upon  the  difficulty  o!  •  --if  .  ■  ■  :  ;  u  •..  1  ,.g  task 

Special  consideration  must  be  made  tor  <•  i  1  ?  urns  :  o  i;  ■■■>.•  3  icqn  uiny  t  he 
identification  of  faint  or  high-frequency  sounds,  in  win  h  <  a.m  the  eiiteiion 
for  hearing  sensitivity  in  the  high  frequencies  sr.  i  •  n.<  re  -  r  m  t  . 


£xsdig£ing  Communication  as  a.  Luactiaa_alLJiaaiJjiij  it*,  „  * ruit,- u t 

An  estimate  of  the  effect  of  hearing  impairment  u  speed.  r  omniuuicat  1  ■  n 
can  be  made  on  the  basis  of  audible  disci,  i.m  mat le  units  in  the  speech  range, 
according  to  a  method  devised  by  Kryter  (1984)  .  Kst  in  >•>-•!  can  a.;,  so  be,  madt 
with  the  use  of  the  Articulation  Index.  Both  of  t  hoe  met  lnd.s  mode',  -he 
hearing  mechanism  as  a  frequency  filter,  necessity  in  .  ce:  re i  n.  f r .; 

the  distortion  component. 


Warning  Signal  Identification 

There  has  been  very  little  research  on  ■  ,  1  ■  .  :  ■> .  impai  i  ed 

listeners  to  detect  and  recognize  auditory  w-i  *  r.  kj  signals.  R-  <.?arch  on 
listeners  with  essentially  normal  hearing,  and  *  .he  try  in  ate  i  ••  espouses  by 
hearing-impaired  listeners,  indicates  that,  detect  i  rj  i;r.  !.■  ■..  ■•.  ..  .  .•■wt-.-i  n  • ':< 
two  groups  are  not  very  large.  These  differences  may  •  1  n  *  .  !.<-  1 1  1  *  : 

tor  actual  signal  recognition  than  they  are  feu  uv  » 


Military  Performance  Criteria 

The  U.S.  Department  of  Defense  now  has  hearing  threshold  level  st.an.ia Ms 
for  appointment,  enlistment,  and  induction  that  ap-  y  -  a!!  three  seivi  ces  . 
The  U.S.  Army  has  had  its  own  set  of  induction  ••  .andards  wh  1  .;ii  wt.u  e  in  use 
until  they  were  superceded  by  the  DoD  directive.  rhe  Army  a i so  ha  standards 
for  admission  to  training  as  aviators,  air  t  raf  t  t  u:  :  lie;.-,  ml  d  i  ve  j  s  . 
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addition,  it  has  a  profiling  system  of  H-l  through  H-4,  win  ••  • 

personnel  within  various  military  occupational  specialties. 

The  U.S.  Air  Force  also  uses  H  profiles,  which  apply  • 
selection  of  candidates  and  the  tenure  of  certain  jobs,  such  as  uv  Icr  ;  s,  an 
traffic  controllers,  and  communication  operators,  etc.  The  U.S.  Navy  does  not 
yet  use  H  profiles,  although  a  set  of  profiles  has  been  proposed.  The  Navy 
does  have  hearing  sensitivity  criteria  for  positions  and  duties  where  good 
hearing  is  considered  important. 

Most  of  the  U.S.  military  standards  for  appointment,  ei,.  r st merit , 
induction,  or  even  for  jobs  requiring  significant  amounts  of  common  d;  at i : n , 
are  either  at  the  upper  limit,  or  exceed  the  range  identified  by  researcher;; 
as  the  point  of  beginning  hearing  handicap.  This  becomes  a  risky  p-cjry  in 
circumstances  when  human  safety  and  mission  success  depend  upon  effective 
communication . 

The  German  military  system's  criteria  for  flight  training  candidates  arid 
experienced  pilots  are  slightly  more  stringent  than  those  used  by  the  U.S.  Air 
Force.  Hearing  threshold  level  criteria  also  exist  for  other  nations,  but 
reliable  data  are  not  available  at  this  time. 

The  prevalence  of  hearing  handicap  in  the  U.S.  Army  is  very  high,  at 
least  among  soldiers  in  three  high-risk  branches;  armor,  artillery,  and 
infantry.  Many  soldiers  in  these  branches  have  profiles  exceeding  the  H-! 
designation,  including  over  65%  of  the  soldiers  in  the  most  experienced 
category  (17.5-22.4  years  of  service).  Many  soldiers  do  not  carry  the  correct 
profile.  Nearly  one-half  of  the  soldiers  in  these  branches  believe  they  have 
a  hearing  impairment,  and  nearly  one-third  of  these  report  that  the  hearing 
impairment  interferes  with  job  performance.  That  these  hearing  impairments 
can  impede  job  performance  is  not  surprising,  since  many  of  them  will  exceed 
the  range  identified  in  recent  research  as  the  beginning  of  hearing  handicap. 
The  severity  of  the  hearing  loss  problem  in  the  U.S.  Army,  and  very  possibly 
in  the  military  as  a  ole,  is  sufficient  to  be  significantly  disruptive  of 
speech  communication.  ”he  consequences  of  this  disruption  can  be  severe  in 
terms  of  the  destructio  of  costly  equipment,  and  in  extreme  cases,  the  loss 
of  life. 


V:iT.  RESEARCH  RECOMMENDATIONS 

1.  The  most  urgent  recommendation  would  be  to  characterize  •  hr 
conditions  in  which  soldiers  need  to  communicate,  and  assess  the  abilities  >;  i 
hearing-impaired  personnel  to  recognize  speech  in  these  conditions,  either 
through  modelling  or  through  actual  testing. 

2.  The  next  step  would  be  to  recommend  changes  of  the  H  prof  i  .  es  and 
the  assignment  of  profiles  to  MOSs  in  accordance  with  the  results  ->  f 
recommendation  #1. 

3.  A  survey  of  the  military  standards  or  profiles  in  other  natins, 
along  with  the  research  results  or  other  information  which  formed  the  barer, 
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for  these  standards,  would  be  a  helpful  adjunct  to  any  rvvisi  or,  •;  -  h > 

Army's  profile  system. 

4.  Another  important  project  would  be  to  continue  the  invest  iqat  i  ;.r. 
the  ability  of  hearing-impaired  personnel  to  detect  and  recognize  war: 
sounds.  The  addition  of  the  binaural  listening  mode,  an  a  ssossmer.t  :.t  siq 
recognition  (in  contrast  to  detection),  and  a  population  of  hearing  -impac 
subjects  would  greatly  strengthen  the  existing  study. 

5.  It  would  also  be  useful  to  investigate  the  •>  x>  Hit  ■■/  r  i 
impaired  people  to  localize  sound  in  the  horizontal  plane  and  espeoialiv 
the  vertical  plane  in  combat-type  conditions. 
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